Abstract-The government initiative in the implementation of smart city concept is an effort in the management of a city. In the governance of a town, public service is one of the most important aspects. Improving public services requires public role because the society is the direct users of public services. One role of the community in improving public service is to provide information or complaint to the government. However, the media where the public reports such information has yet been optimum. Therefore, the researcher assumed that the public needs certain media as well as some support system where they can make complaints related to public service. The support system is in the form of e-complaint system installed on smartphones equipped with geotagging techniques to determine exactly where the complaint is made (location) and geofencing method to determine which territory the complaint belongs to. In this study, the researcher explained the process of designing module for geotagging and geofencing-based e-complaint system. Several experiments were conducted to find out the accuracy of these techniques. With 94% accuracy, geofencing was a suitable technique to apply. In addition, geotagging techniques using EXIF of a digital image was considered the most suitable technique for the e-complaint system rather than other geotagging techniques.
Introduction
number 25 on Public Service states that one of the government's obligations is to serve all citizens and residents so that their basic need is met and their rights are fulfilled within the framework of public service which is mandated by the 1945 Constitution [2] . Improving public services requires active participation of the community since the public is the one using public services. In other words, public participation in improving public services is pivotal. One example of the public participation is public complaints. Public complaint is an indicator how much the public care about qualified public services. However, it is undeniable that the media where the public can make a complaint has yet been optimum. Very few people know how to make complaint related to public service properly. The government has launched website where the public can make complaint for example the website of East Java government (http://jatimprov.go.id). However, the researcher thought that the method has yet been effective for the public to deliver their complaints. In addition, the website has several limitations. Before filing their complaints, the public should write down their complaint manually. In conclusion, the recent public complaints management has yet been able to cater public need.
Based on the problems above, the researcher concluded that a facility or media as well as some support systems where public can make complaints more effectively is needed. The researcher is interested in conducting a study related to E-Complaint System based on Geotagging and Geofencing The purpose of the study is to design and develop more efficient media (smartphone-based application) where public makes complaint. The researcher decides to develop application for smartphone due to the number of smartphone users in Indonesia. According to eMarketer, by 2015, there were 55 million smartphone users in Indonesia [3] . The users can potentially contribute in developing the quality of public service.
One of the methods used in the study was GPS (Global Positioning System) sensor available in cellular phones. GPS determine one's position based on signals received from the satellite smartphone. In other words, the satellite transmits the signal identifier, position and timestamp of the device [4] . Using GPS, the public can provide information such as images and the coordinates where problems related to public service take place. Geographic information such as longitude, latitude and altitude can be added to the image [5] . The addition of location information in the image is called Geotagging [6] . Geotaging can be done by adding information via Exchangeable Image File Format (EXIF) of an image. The information is stored in the EXIF header [7] . As an addition, adding geographical information can also be done separately via webservice.
Basically, these sensors are widely used by location-based service providers for searching for a location to navigation system. However, they are not only limited determine location in realtime. GPS also has other feature namely Geofencing. The feature is a type of technology for monitoring mobile devices in which the coordinates of the location are automatically sent to the control center. Monitoring position on this feature uses a set of geographical coordinates that will be used as virtual boundary (geofence) [8] . The shape of the virtual boundary is constructed in the form of a polygon that resembles the outer side of a region. Then Raycasting method is used to determine the existence of the coordinates. It will detect these coordinates by establishing an imaginary horizontal line to determine the lines that intersect with the polygon.
Before the application is launched, some tests are conducted. They aim at finding out whether the method is applicable in the e-complaint system. In the early stages of geofencing method, the researcher describes the implementation of the method starting from how to build a polygon to how to determine the existence of a point on the polygon. Then the researcher also describes the accuracy of the method using Raycasting. In terms of geotagging technique, the researcher explains how to apply the more efficient technique geotagging for the e-complaint system. So, both of these methods can be applied eventually. The purpose of the study is to determine the design of the module for E-Complaint system with geotagging and geofencing approaches.
Literature Review
Some studies related to these topics have been conducted previously. Bareth, Kupper, and Ruppel conducted a study in 2010 that proposed a new concept to distribute applications with geofence services [9] . It created a marketplace to acquire or subscribe applications. In general, keyword was needed to find certain application; however, application can also be found using geofence services. Their study was a prototype where the accuracy and use of the application has yet been tested thoroughly. Another study was conducted by Suyama and Inoue in 2016. Their study proposed a concept to provide information in the form of a notification when the users entered a geofence area [10] . The purpose of the notification was to inform the users who entered a disaster-prone area. As the result, it would minimize number of victims. The application covered the areas prone to disasters at that time. However, the accuracy of the geofence detection was considered quite low. The low accuracy happened because the application relied heavily on the internet. When there was not any internet in certain area, the application could not be used effectively and as the consequence influenced how accurate the information the application gave.
Sen conducted another research in 2014 [11] . The study used crowdsource as the primary method of traffic management application. The application called RasteyRishtey collected and shared GPS traces from the public about traffic condition. GPS traces left by the users were analyzed and turned into information about traffic conditions. The study only utilized geotagging technique to share the trail of coordinates.
Indonesia basically has had e-complaint system. Jakarta has application called Qlue for handling complaints from the community. The public can make complaint from their smartphones. They can also provide information such as images and text descriptions related to the complaint they make. In addition, geotagging features have also been incorporated in Qlue. The society can just download the application from app stores. However, anyone, including those does not live in Jakarta, can download the application. As the effect, the issues related to public service may happen in the areas other than Jakarta. Thus, a feature that can determine the coordinates of com-plaints and detect whether the location of the complaint is within or outside particular area of authorization is needed.
In addition, Qlue can only be accessed by users registered in the system. Unregistered users cannot find out about complaints the registered users make. The researcher considers limited access to visualization as a problem more particularly for regions with low response to public complaints. Thus, visualization that can be accessed by both e-complaint system users and non-users is of necessity. In the study, the researcher took advantage of GPS sensor for geotagging and geofencing techniques in e-complaint system and crowdsource as the method to collect data (public complaints). The system uploads the complaint and displays it in web visualization that that can be accessed by both users and non-users of the system. The researcher will also determine the accuracy of geotagging and geofencing techniques before being applied in this system.
E-Complaint
Complaint has different meanings in each field. According to the Business Dictionary [12] , complaint is a statement filed by the complainant to another party as respondent. The statement was based on the recovery of assets such as money or property. When viewed from the standpoint of communication, the complaint is an active communication that could lead into an "interaction." The core of any complaint is to improve the user dissatisfaction into satisfaction. In addition, the government or any system needs feedback from the community to find out the shortcoming of a system [13] . Feedback from the public is regarded as complaints and suggestions, which can be considered to improve services. Then, it becomes an obligation to manage the complaint as appropriate. Currently the system to manage complaint from the public is still considered as conventional one. The conventional complaint process or one currently works recently is [13]:
1. Submit complaint directly to the complaints department. 2. Submit complaint to the specific organization in a government agency which is usually called Complain Handling Department.
The researcher considered the process ineffective. In addition, these activities require too much time. A complaint handling system with the integration of technology is relevance because it works more effectively and saves time.
Geotagging
Geotagging refers to process of adding information such as geospatial data in the metadata of a media be it a photograph or video. The geospatial information added is in the form of longitude and latitude [14] . The purpose of the process is so that the object (media) can be positioned exactly to the coordinates on a map [15] . There are several methods to add geospatial information, namely:
• Insertion of information via EXIF Exchangeable Image File Format (EXIF) is a specification for images with image formats such as JPEG and TIFF [7] . EXIF contains some information such as camera settings, the environment where a picture is taken, the picture itself as well as copyright information and geographical information [6] . Other geographical information such as longitude, latitude and altitude can also be added to the image file [5] . The information is stored in the EXIF header [7] . • Insertion of information via webservice. At this stage, information/ data such as longitude and latitude is not inserted in the EXIF format. Instead, information about location information is requested by posting the information on the webservice. Then, the pictures and information are uploaded separately into image available in the server. 
Geofencing
Geofencing is a technique that is frequently used for location-based systems recently. In certain problems, Geofencing technology is used for monitoring moving objects by using the GPS sensor. In monitoring an object, geofencing works by build-
ing a geographic area that is surrounded by a virtual fence (geofence). A set of geographic coordinates are used to form a virtual fence (geofence) about the geographical area [8] . Various techniques of Geofencing have been developed to meet different needs, such as Geofence area [8] . The shape of Geofenced area can be a simple as a geometric square or more complex shapes such as polygons. Polygon can represent one into a two-dimension form. It is used to represent buildings, farms, and local district administration [16] . Using polygon, one can get information about the whole shape of an area.
• Creating a polygon on a digital map: Making the polygon as a virtual fence on a digital map can be done by collecting the coordinates as a point. When a set of point coordinates has been collected and arranged in a certain order, it will create polygon feature. In creating polygon area, the first and the last coordinates should be the same. The remaining coordinates should be unique or different from one another [16] . Raycasting method is a method for determining whether user is inside or outside polygon area. Before determining the user's position, the user inputs some data namely coordinates detected in geotagging process. Result from the previous geotagging process is then detected to determine whether the user is inside or outside the polygon area. The coordinates are detected by drawing imaginary horizontal line to determine the lines that intersect with the polygon. The purpose of the establishment of the imaginary lines is to find out how many sides of a polygon parallel to testing coordinates. For the coordinates inside the polygon area, the number of lines that intersect with the imaginary lines forms odd number. At the opposite, when the coordinates are located outside the polygon area, the number of lines that intersect with the imaginary lines forms even number [17] .
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Proposed Model Figure 6 describes the architecture of the system in general. In the early stages, users took pictures and added geographical information about the pictures using geotagging method. In the geotagging technique, the researchers would select the most suitable social crowdsource-based e-complaint system for mobile devices. The geotagging technique used was geotagging through EXIF of an image and geotagging via webservice. In the result of the experiment section, the researcher discussed which method used in this system extensively. After selecting the most suitable geotagging technique, the next step was to analyze where coordinates are located. Geofencing method described previously is used in the process. The method used in this stage was Raycasting. The system was able to determine whether the coordinates were inside or outside geofence areas. When the coordinates were outside geofence area, the images the users uploaded could not be displayed on the digital map of the entire upload.
Fig. 6. Architecture of the System
Once the previous stage had been completed, the following step as the major focus of our future research is develop e-complaint system. Besides that, the system use crowdsource technique to collect complaints from the society. Then upload the complaint information into the server. When the complaint had been stored into the server, the information would be posted on the users' social media. The users would share the content on their social media. The purpose of content sharing/ complaint sharing was other social media users who were not the members of the e-complaint system may be aware of the complaint. It was expected that the content/ complaint would be viral on social media once it was uploaded. In addition, the benefit of sharing content via social media was faster response from the government. In addition to sharing content on social media, all complaint the users would be displayed on a digital map accessible for anyone. The image related to the complaint would be positioned according to the coordinates on the digital map. It was expected that the government would find the specific location where the complaint was made.
Implementation

Creating Polygons
Several steps should be conducted to apply geofencing method. The first stage was to create virtual boundary as the barriers of an area. There are several types of virtual boundary. The shape of the virtual boundary relied upon which technique used. Some geofencing techniques such as proximity to a point of interest, route adherence, and route and schedule adherence requires a circle as the shape of the virtual boundary [8] . On the other hand, the technique of Geofenced requires polygon as the shape. Figure 7 described the process of making a polygon on the system. The first stage was to determine the coordinates to form a polygon. These coordinates are determined from the outer limits of a region. In the system, the boundaries of a city were used as the coordinates to form the polygon as geofence area. The coordinates were stored in an ArrayList (point).
!"#$#%&#'#"()*++,-#"%$./)$+)*,.%$.) 0+&1(+")+") )ArrayList<Point> 2%&#-%$#"()"345.,)+6)$7.)*++,-#"%$./ The following stage was validating the number of coordinates stored in the ArrayList. When the total number of the coordinates was than 3, one could not form a polygon. However, when the total number of the coordinates was more than 3, one could proceed to the following stages. The third stage was to connect each of the coordinates based on the index in the Arraylist. By connecting each of the coordinates, the polygon as virtual boundary of certain geofence area was formed.
Determining Pointer Position using Raycasting Method
After successfully building a virtual boundary in the form of a polygon as the geofence area, the following stage was to determine the position of a point. It decided whether the point was located inside or outside the geofence area that had been estab-lished earlier. In order to do that, Raycasting method was used. In general, the method drew a line to determine the position of the point against the virtual boundary line. The process was described in Figure 8 . The first stage to determine the location of the point was to determine xmin, xmax, ymin, and ymax of the coordinates that formed the polygon. The xmin, xmax, ymin, and ymax were used to determine outside point. The outside this point is a coordinates that later would be used to draw line from current point to the outside point. As what had been explained previously, Raycasting drew line from a point to later find out whether the line met the virtual boundary line of the polygon.
Having determined the outside point, the next stage is to make a straight line from the current point towards the outside point. The line was a reference to show the virtual boundary of the geofence area. Once the line had been created, the system would check whether the line met each of the lines that formed a polygon. Then, the number of intersected lines was counted. When it was an odd number, then the point could be detected in the geofence area. However, when the result was even number, the point was located outside the geofence area.
Geotagging method
The geotagging method analyzed in the study was one using EXIF and webservice. Both of them were analyzed to find out which was the suitable one for the system.
• Addition using EXIF. Figure 9 described how the method worked. It started by reading the EXIF of an image using available function/ feature. After getting latitude and longitude of the EXIF images, the final stage was to add them to the database.
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Fig. 9. Geotagging by EXIF
• Addition using webservice. To add information using webservice there were some additional process to do. The previous method of adding information was conducted only by reading the EXIF file to find out the coordinates; webservice was different from EXIF. To add information about the coordinates of a location, the system should delete the EXIF file of a picture. It happened because each picture taken using digital camera had its own EXIF file. One should make another effort to get rid of the EXIF file of the pictures. Figure 10 described the entire process of adding information using webservice. The reasons why deleting EXIF file was necessary were described in the following section.
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Experiment Result
Raycasting Method Accuracy for Geofencing
The testing scenario was accuracy testing. It was conducted to describe the accuracy of Raycasting method. The testing was conducted to 50 random points. Raycasting was then used to find out where the points were. Raycasting had 94% of accuracy. Raycasting could not detect where a point was when it was located on the border of a polygon area. In addition, another factor that influenced the accuracy of Raycasting method was how detail it was in describing points that created a virtual boundary. During the testing, Raycasting considered some coordinates located inside geofence area as areas outside the geofence. These were not the shortcoming of Raycasting but they would affect how accurate the system was. Table 1 showed 10 samples used in the testing. Out of 50 testing points, there were 3 times when Raycasting gave inaccurate result. Generally, Raycasting was the suitable method to use in geofencing application on mobile devices. It was accurate, easy to use and delivered result in short time. The two additional steps above required more time. All mobile device users demand good responsiveness. Webservice for geotagging would take more time and therefore, it would not be able to meet the user's demand. As the result, EXIF was considered the more suitable method for smartphone-based applications, even though in terms of data size, webservice for geotagging was more effective than EXIF. 
Conclusion
Based on the tests, it can be concluded that Raycasting is an appropriate geofencing method for crowdsource-based e-complaint system. The accuracy rate was 94% based on the test to 50 random points. Raycasting has pretty short processing time that generates better responsiveness. As an addition, it is pretty accurate and therefore, suitable for the system.
The second phase is to test which method applicable for geotagging, the EXIF of an image or webservice. The finding is that webservice requires smaller amount of data. EXIF requires 13 Kb to store information about location and camera settings while webservice only requires 40 bytes to store information about location/ coordinates.
Even though the difference is significant, it is difficult to apply webservice for geotagging. Using webservice for geotagging will take longer processing time because one should delete the EXIF information attached to the images and add the coordinates. In conclusion, EXIF is considered the more suitable method for geotagging of the e-complaint system.
